Résumé. 2014 Abstract. 2014 The possibility of sub-barrier transfers is discussed from the point of view of the energetics of the reaction. The position of the entrance channel potential energy curve Vi(R) relative to that of the exit channel corrected for the mass balance Vf(R) -Qgg appears to be crucial. When
Lorsque le potentiel Vi(R) de la voie d'entrée est située au-dessus de celui de la voie de sortie Vf(R) -Qgg, le transfert est énergétiquement possible; il intervient dès que les noyaux sont suffisamment proches l'un de l'autre et cela même pour des énergies inférieures à la barrière. Une comparaison est faite avec des résultats expérimentaux.
Abstract. 2014 The possibility of sub-barrier transfers is discussed from the point of view of the energetics of the reaction. The position of the entrance channel potential energy curve Vi(R) relative to that of the exit channel corrected for the mass balance Vf(R) -Qgg appears to be crucial. When the former curve is situated above the latter one, the transfer is energetically probable and will occur as soon as the colliding nuclei are sufficiently close to each other, i.e. for sub-barrier incident energies. Experimental examples are given.
Considerable experimental and theoretical attention has recently been centered on questions that relate to thresholds of nuclear reactions and to the interaction barrier [1] [2] [3] [4] [5] . However, the notion of interaction barrier is still not quite clear. Generally, the interaction barrier is defined as the value Bi at which the interaction potential (nucleon + Coulomb) for the s-wave passes through a maximum; but this must be regarded as a strong interaction barrier, or a fusion barrier and some nuclear reactions, namely transfer reactions can take place at incident energies somewhat lower than Bi. The above definition, however, will be adopted here, and in considering the possibility of sub-barrier reactions, we shall ask the following question : for a given projectile target system, can one predict whether or not a given transfer reaction will occur with significant cross section for incident energies lower than Bi ? This question will be studied here from the point of view of the energetics involved in the reaction, which have been shown, in previous studies [6] [7] [8] [9] [10] [11] [12] [13] Ei being the c.m. incident energy, Zl Z2 the atomic numbers of the colliding nuclei and Z3 Z4 those of the transfer products [6] [7] [8] [9] . Others [10] [11] production is also plotted in figure 1 . From angular distributions and recoil range measurements, it was established in reference [14] that this production is made through the compound nucleus reaction : 14N + 209Bi --+ 2 19Th + 4n followed by two fast a decays. Therefore, in order to induce this reaction the projectile must overcome the strong interaction barrier. The vertical solid line indicates the value of the interaction barrier calculated with a WoodsSaxon nuclear potential (see below). arrier. The data are from reference [14] . 16O + 209Bi~210pO (circles) and 211At (squares). Open symbols are data from reference [14] , black symbols are from reference [15] . The For the purpose of simplicity, it is assumed that the transfer occurs only at the closest distance of approach R ;, the nuclei being at rest in the c.m. system (Eki = 0). The distance Rf between the centers of the nuclei after transfer is assumed to be equal to R;, and the kinetic energy Ekf equal to zero. These assumptions neglect recoil and quantum effects. For example, if charge is transferred from projectile to target, the curve Vf(R) is always situated below the curve Vi(R). If Qgg is negative, the relative positions of the relevant curves are as given in figure 3 .
The existence of a crossing point for the curves (i) and ( f -Q) can be discussed in terms of the values of Qgg and MJ = Bf -Bi (see Fig. 3 (Fig. 1 ).
For the projectile 160, the behaviours of the potential energy curves corresponding to one-and twoproton transfers are very similar to each other (see Fig. 1 ). (lp-transfer) and 3.6 MeV (2p-transfer). This is in agreement with the similarities observed in the shapes and positions of the experimental excitation functions (Fig. 2 ).
In conclusion, we note that from the data discussed here, the comparison of potential energy curves appears to be a good guide in predicting the feasibility of sub-barrier transfer reactions.
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